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Figure 17. Measurements from aircraft—borne instrumentation
for March 26, 1976, showing significant 2.94 u rn
enhancements correlated with the aurora .
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photo-energy efficiency pf the nitric oxide Overtone:

Photo-Energy E f f i c i e n cy (NO ) = 
~~~~~~~‘- x R~ 39~~~~

4 pm )

Based on this expression and a A equal to 2.9 pm , which is the
center of the ni tr ic ox ide band (See Fi gure 4 ) ,  pho to - e f f i c i enc ies
rang ing from .4 1 to .93% for the 1976 ICECAP measuremen ts were
calculated . These calculated values for seven measurement periods

are given in Table 5. The values are in good agreement with

those calculated by Sahamm e/r~ [1977].

The average of the calculated nitric oxide percentages

presen ted in Tab le 5 is . 6 5 % .  This is less than the lower l im it

of 1% wh ich was pr esen ted by H uJrd e~t a~ . [1977] for the data

measured from the ICECAP A l0.205 - 2 Paiute rocke t launched March
2~~, 1973. However , th is d i f f e r ence is no t lar ge cons ider ing our
measurements show that variations as large as a factor of 2.3 occur

for different auroral conditions .
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TABLE 5. Photo-Energy Efficiencies of Overtone NO Emissions .

Ratio % of Auroral
R~2 94 m’ 

Electron Energy
Date / Mission Time UT R 

‘ Radiated as NO
(3914A) Overtone Photon~

26 Mar 1976 0905 — 0935 4.3 .77

IC 76—16 1010 — 1040 5.2 .93

1120 — 1150 4.3 .77

8 Mar 1976 0730 — 0800 3.3 .59

IC 76—10

7 Mar 1976 1000 — 1030 3.0

IC 76—9 1120 — 1150 3.0 .54

3 Mar 1976 0500 — 0530 2.3 .41
IC 76—6

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  __________-J
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APPENDIX A

INSTRUMENTAT ION AND MEASUREMENT PLATFORM

The electro -optical instruments , which were used for the
measurements reported herein , incl ude two near infrared radio-
meters , two 39l4A photometers , and an al l sk y camera . A
discussion of the measurement platform and each instrument is

presented in this appendix.

Measurement Platform

The instruments were operated from the AFGL Infrared Flying

Laboratory . The fly ing labor atory is a mod if ied A ir Forc e
NKC-135A aircraft which is similar in design and size to a Boeing

707 commercial aircraft .

All of the instruments viewed vertically out of the aircraft ,
and the center position of their fields of view were coaligned.

Figure A.l shows a pictoria l  v iew of the a i r c r a f t and the loca-
tions of the viewing windows .

The movement of the aircraft provides a means of spatiall y
scanning the sky with the instruments. The scanning motion is

predictable from the motion and maneuvers of the aircraft , since

the instrumentation is mounted in a stationar ’- manner to the

flying platform . For the ICECAP measurement program , straig ht

and leve l flights were maintained during the major portion of

the measurement periods . Thus , the rate and direction of the

scanning can be de termined fr om the a ircraf t speed and head ing,
wh ich i s g iven in Append ix D f or each of th e repor ted measuremen ts.

The a i rc r a f t pr ovides a very convenien t pl at form to
accomplish auroral and airglow measurements. It has some definite

advan tages over ground s ites , sinc e i t provid es a means of
selecting the viewing position of the instrumentation and a means
of avoiding low al tit ude clouds and wa ter vap or ab sorp ti on.  Al so
data measuremen ts can be con tinuously  pe r fo rmed  for per iods up
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to 10 hrs without refueling the aircraft. The capability of

performing measurements over long time intervals makes the p lat-

form more des irable than rocket-borne platforms for certain

types of measurements. Typ ica lly, standard off the shelf visible
ins trumen ts such as photometers and cameras can convenientl y
be mounted and opera ted from the air craf t w it hou t any major
difficulties . However , measurement systems operating in the

infrared re g ion are mor e complex , s ince the th ermal em i s s i o n s of
an instrument mounted inside the aircraft and operating at ambient

temperature (300°K) can p rodu ce more si gnal  than the a tmosp heric

emissions being measured. Thu s special  techn i qu es are nece s sary
to discriminate , remove , or balance these emissions . A discussion

of these instrumentation techniques is presented in the following

two sections of this Appendix.

Near Infr ared Radiomete r , 2.75 to 3.04 pm

The measur ement technique used f or our i n f r a r ed  mea sur emen ts
in the 2.75 to 3.04 pm region incorporated a warm radiometer and

a liquid nitrogen cooled chopper developed by AFGL and USU ,
H u p p~i e~t aL , [1974]. The layout of the system is shown in

Figure A.2. The cold chopper modulates the atmospheric emission
and provides a cold reference source; thus , an alternating signal

is seen by the radiometer as the chopper spins which is due
almost entirely to the emissions from the atmosphere . The chopper

is mounted outside the aircraft with all the windows and the

radiometer components inside . Therefore , the thermal emissions

from the windows and radiometer components are not chopped , an~
they do not con tribute to the alternating signal. However , the

thermal emission of the chopper does introduce a small contri-

bution to the alternating signal , hut it is insignificant in
compar ison to atmosp heric emissions in the 2.75 to 3.0 pm region

if the chopper is properly cooled. Therefore , the magnitude of
the alterna ting optical signal is essentiall y proportional to

the intensity of the atmosp heric emissions.
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The radiome ter collects the optical si gnal and focuses it

onto a cold-filtered InSb detector. The cold filter reduces the

background photon noise seen by the detector which improves its

detectivity (D*). The filter also limits the spectral response

of the detector to wavelengths shorter than 3.04 pm . Th e sp ec t ral
measurement region is further limited by selectable optical

interference band pass filters in the radiometer. The radiometer ’s

detector converts the spectrall y filtered alternating optical

signal to an alternating electrical signal. The magnitude of this

electrical signal is proportional to the atmosp heric emission

level being measured , but it is typically small in comparison to

the broadband noise generated by the radiometer ’s detec tor .
The signal can be extracted from the noise , however , through

the use of standard synchronous demodulation and filtering

techniques. The resulting output is a dc signal voltage wh i ch

is proportional to the intensity of the optical signal.

During the ICECAP series the measured signals were recorded

on an Ampex CP100 tape recorder before the demodulation and

filtering process was performed. This leaves comp lete freedom

to set and change the effective instrument response at a later

data. The data reduction process is accomp lished in the labora-

tory using a Princeton App lied Research Lock-In Amp lifier for the

demodulation and a i~igital Equi pment Cornor~ tion PDP-8 computer

system for filtering , data storage , processing and p lotting .

Near Infrared Radiometer , 1.0 to 1. 75 pm

The second infrared radiometer , wh ich was used for measure-

ments at 1. 7 pm , does not require the use of the elaborate c o d

chopper system . Instead a comp lete radiometer system that

operates at ambient temperatures , except for the detector , has
been developed by t-iupp~L [1977]. The optical layout of this

system is shown in Fi gure A.3.

The basic lens system consists of a 2-inch diameter , f/2 .5

objective lens followed by a 1-inch d i ar~~ter f/.7 field lens .
Tn addition , the detec -toT is immersed Idep osited) on a third lens of
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h e m i s p h e r i c a i  s h a p e  to  minimize the required detector size. In
the layout the objective lens images points at infinity on the

aperture plane which defines the field of view of the radiometer.

Since the objective lens is relativel y slow , its imaging proper-
ties can be made extremel y good to guarantee a sharp ly defined
field of view . However , the field lens does not require these
same sharp imag ing qualities , since its function is to collect
the optical signal passing through the aperture and condense it
onto a detector . As a result , the field lens can be made
relativel y fast which minimizes the required detector size and
maintai ns a low equivalent f number for the optical system.

As shown in Figure A.3 , the radiometer design incorporates
an optical chopper to modulate the signal . The chopper is
located within .025 inches of the aperture plane. The standard
chopper modulate s the complete aperture on a fifty percent duty

cycle basis.

After the modulation is performed , the signal is spectral-
band limited by an optical interference filter. This filter

defines the spectral response of the instrument and limits the
modulated thermal emissions that reach the detector from the
instrument structures and background . As shown by Hupp-1 [1977]
this filter can limi t the thermal backgrounds to levels that

are insignifi cant in comparison to typ ical atmosp heric emissions
in the 1.0 to 1 .75 pm region . This is also apparent in Figure
A .4 which compares typical atmospheric OH overtone and O2(

’
~ g
)(0 Q;

emissions with 300°K blackhody emissions .
Once the optical signal has been filtered , it is collected

orto a thermo electrical l y cooled detector and is read y for
processing. The processing is performed by the standard
synchronous demodulation and filterin g techniques discussed in
the previous radiometer section of this appendix.

The sensitivity and noi se of the radiometer can be charac-
terized by its noise equivalent spectral radiance NESR which is
the radiance level required to produce a signal to noise ratio
of one. The actual NESR for the radiometer has been measured
at 9.3 x 10 1 w/cm 2sr pm for a .05 ~m optical bandwidth , a 100
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Figure A.4. Some typical upper atmospheric night airgiow
emission intensities compared with emissions
from a 300°K blackbody .
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field of vie i~, and a .025 HZ noise eq uivalent electrical band-

width. Typ icall y , this sensitivity is more th:in sufficient for

at~ osp heric measurements in the 1.2 to 1. 7 pm spectral region .

A ll-Sk y Camera

A 16mm all-sk y camera system was operated from the aircraft

to provide wide field of view coverage of the overall auroral

conditions. The camera system was developed and operated by

PhotoMetrics , In c ., Kc~~- j  ~-t a~f. [1975]. The system has a 160

degree field of view and takes photograp hs at selectable time

intervals. The film used for the measurements presented in this

report was Kodak black and whi te , Type 247S .

In addition to taking pictures of the sky the camera records

the actual universal time when each p icture is taken. A samp le

of several frames of a film is shown in Figure A .5 . Pictures of

the sky and the recorded times are clearl y shown .

Figure \ 5  Fxamp ie of the A ll-Sky Camera Format.

Photometers

The photometers used to measure the 3914A atmosp heric

emission data presented in this report were developed by Larry
Jensen of Utah State University . They are similar in construction

to the type used for the ICECAP Rocket-borne Measurement Program .
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A basic optical and electrical layout which is representative

of the pho tome ters is shown in F igure A . 6 . Bas ica l ly the system
consists of a filter to define the spectral bandwidth , a lens
to condense the optical signal , an aperture to define the field

of view , a photomultip lier to convert the optical signal to an

electrical signal , and electronics to amplify and process the
electrical signal. The comp lete optical head , consisting of the
optics , the photomultiplier , the preamplifier , and the log

ampl i f ier , is contained in a 7-inch x 1.5 inch x 2.0 inch aluminum
box . This small size made the photometers ideal for use in the
aircraft , since they were easily mounted to the 1.7 pm radiometer.

Only one photometer was used during the 1975 measurements.

It was operated with a 10° field of view , a l4A spectral band-

width centered at 39l4A , and a 40 HZ response time . The minimum
detectable signal was limited by the dark current of the
photomulti plier , the lower limit being 7 Ray leighs .

During the 1976 measurements , two additional photometers

were added . They used the same desi gn and had the same char ac ter-
istics except one had a 5° field of view and the other had a 2°

f i e ld of view . They were included to give increased spatial

resolution. They were specifically selected to match the

additional field of view options of the 2.75 to 3.04 pm radiometer .
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APPENDIX B

COORDINAT I ON OF AIRCRAFT MEASUREMENTS AND
CI-JATANIKA RADAR MEASUREMENTS

The Cha tan ika inc oheren t sc atter radar sys tem , operated

by Stanford  Resear ch Ins titu te , provides altitude information

and densities of the charged particles creating an aurora .

Since it is desirable to study the altitude dependencies of the

enhanced infrared emissions , an attemp t was made to coordinate
some scans of the radar system with the aircraft flight plans.

— The coordination was only attempted in the 1976 measurement
— series; and since the radar system was also supporting the

rocket launches , only a limited amoun t of coordination was

poss ible. Table B.l summarizes the type and quality of the

coverage provided by the radar system for the various aircraft

flig hts as reported by Ko~~s 1ay e~t a~ . [1977]. This summary along

with the aircraft data presented in this report should provide a

star ting plac e for the al titude dependence an alysis of the
infrared emissions.
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TABLE 13.1. SUMMARY OF MEASUREMENT MODES OF THE DNA £17 BACKSCATTER
RADAR FOR THE NIGHTS OF THE 1976 AIRCRAFT MEASUREMENTS.

DATE RADAR MODE TIME OVERLAP ON AIRCRAFT

*28 FEB PRE-PLANNED MERIDiAN SCANS 0801-0940 VERY GOOD
TRUNCATED ** MERIDIAN SCANS 0943-1001 FAIR
3-POSITION~ 1001-1220 POOR

29 FEB TRUNCATED MERIDIAN SCANS 0720-0929 FAIR. A/C 60 n.m. W
3-POSITION 0931-1210 POOR W

01 MAR 3-POSITION 0551-0942 POOR
TRUNCATED MERIDIAN SCANS 0943-1103 FAIR. A/C W
3-POSITION 1103-1250 POOR

03 MAR TRUNCATED MERIDIAN SCANS 0510-0720 MAY BE GOOD
F 3-POSITION 0723- A/C LANDING

07 MAR - 3-POSITION 0624-0910 
- 

A/C TAKEOFF
TRUNCATED MERIDIAN SCANS 0912-1049 MAY BE GOOD
3-POSITION 1049-

08 MAR 3-POSITION 0630-0927 POOR
TRUNCATED MERIDIAN SCANS 0927-1211 MAY BE GOOD
AZ 044°T after 0938

26 MAR 8-POSITION~~ 0644-0911 FAIR
TRUNCATED MERIDIAN SCANS 0917-1017 FAIR
AZ 044°T, 36° to 90° EL
3-POSiTION, NOT AS ABOVE 1017-1140 FAIR
TRUNCATED MERIDIAN SCANS 1140-1208 FAIR
AZ 044°T, 36° TO 900 EL

* SCANS DESIGNED TO OVERLAP THE AIRCRAFT FLIGHT PROFILE.

** GENERALLY FROM 1000 TO 30° EL (MEASURED FROM N HORIZON) ON 029°T
AZIMUTH.

+ 67° ELEVATION(MEASURED FROM N HORIZON), 029°, 15-~°, 264°T. THE ANTENNA
IS MOVED EACH 3 MIN, AND THE A/C FIELD MAY FORTUITOUSLY INTERCEPT THE
REGION IT MEASURED .

++ 76.5°, 209~; 62°, 272°; 52°, 280~; 76.5°, 209°; 62°, l45~ ; 52°, 137~ ; 76. 5°, 209°;
62°, 209°, with 2 mm dwell.

+++ 63. 2°, 044~; 62°, 270~; 62°, 148°, with 3 mm dwell.
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APPENDIX C

ADDITIONAL INFRARE D ENHANCEMENT I)ATA

Additional data measured during the 1975 and 1976 ICECAP

aircraft-borne measurements are cataloged in this section . A

sign ificant amoun t of data showing auroral enhancements is

given . For completeness , da ta are also g iv en for  cases wh er e
the aurora l enhancements were minimal .

Brief descrip tions of the da ta are it em ized in Table C .l .

Sign ificant or peculiar features of each p iece of da ta ar e
men t ioned.

TABLE C .l. TABLE OF FIGURE DESCRIPTIONS

F igure No.  Descri ption

C. l March 1 , l976~ From top to bottom the figure gives

the aircraft latitude , the aircraft longitude ,the data

at 39l4A , 2.8 pm , and 1.70 pm . Noteable enhance-

men ts were seen in the 2 .8 pm region which appear
to be directly correlated with 39l4A(N~ ) enhanc e-
men ts . This da ta is of si gn if icanc e because the
F.O.V. of the photometer and the 2.8 pm radiometer

were decreased from 100 to ~~~ This prov ides a
higher spatial resolution measurement. However ,
it should be noted that the spectral bandwidth of

the 2.8 pm channel was increased to give additional

signal to compensate for the signal decrease which

resul ted from the decre ased f i eld of vi ew .
C . 2 The da ta measur ed March 1, 1976 from 0930 to 1000

is plotted on an expanded time scale. A direct

correlation between the 39l4A(N~ ) emissions and
the 2.8 p Th e m i s s i o n s  durin g the enhancemen t a t
094 5 UT is apparen t .
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C .3 The data measured March 1 , 1976 from 1015 to 1115
lIT is p lotted on an expanded time scale . Direc t

correlations between the 39l4A enhancements and

the 2.8 pm enhancements at 1029 UT and 1150 liT are

ap pa r en t . A l so there appear to be enhancem ent s in
the  1. 70 p m OH data , but they do not appear to he
directl y correlated with the visible aurora as

monitored by the 39l4A pho tometer.

C.4 The presented data was measured March 3, 1976 with

the instrumentation viewing verticall y with a 100

FOV . The data was measured through a sunset tran-

sition period , and as a result the 1.70 pm and

3914A data were dominated by solar scatter at early

times , At later times , from 0500 to 0525 , large

enhancements of the 2.94 p m emissions were seen .

These enhancements are directl y correlated ~ith

enhancements in the 3914A emissions . Also at 0508

an enhancement occurred in the 1.7 pm channel. It is

probable that these emissions are due to the Meinel
+ 2 2~~ -sys tem of N2 (A ‘n u —* X and the first positive

b ands of N 2 (B 31I g —i. A
3
~~) which slightl y contaminate

the selected 1.7 pm hydroxyl band.
C .5 The data measured March 3 , 1976 from 0450 to 0530

is plotted on an expanded time scale. Signi ficint

directl y correlated enhancements are seen in the

39l4A (N~) data and the 2.94 p m data at 0503 , 0508 ,

and 0520. Some variations are also apparent in the

1.7 p m (OH) c h a n n e l .  A 1. 7 p m e n h a n c e m e n t  at  0508

appears to be somewhat correlated with the visible

aurora , but the enhancement lasts slightl y longer

than the 2.94 pm and 3914A enhancement. Perhaps

the 1. 7 p m enhancemen t can he expla ined by enhance-
ments of the Meinel system of N~ (A 27r

~~4 X 2E~~) and
the first positive hands of N2 (B 3TI g i A 3E~ ) which
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slightly contamin ate the selected 1.7 pm hydroxyl
band .

C .6 Da ta measured  March 3 und er sunl i t condi t ions and
through a sun set trans iti on are p resen ted. In
addition to the standard data format , the solar

elevation angle is given as in Fig. C.4 for

various positions and times . From the figure , it

should be noted that the levels of the 3914A data

and the 1.7 pm data are dominated by solar sca tter
at early times. However the 2.94 pm channel is not

domina ted nearly as mu ch by the solar scatter .
For example at 0310 t~ e solar elevation angle is

about minus 1 degree m d  the 2.94 pm signal level

is not significantl y l.’~rger than the value measured
under night sky condi t-’.ons. It should be remembered

that sunset at a 100 km altitude occurs at minus

11.5 degrees solar elevation angle . Thus , it appears

that one could readily measure 2 .9 pm enhancements

under sunlit conditions from the NKC-l35 aircraft

during a period when the solar elevation angle is

between 0 degrees and minus 11.5 degrees. In fact ,
significant enhancements s imi lar to those shown in
Fi gure C.5 should be detectable even at larger solar

elevation angles. For examp le , on March 3 a 200 kR

enhancement would have increased the signal about

25% at a time of 0226 which corresponds to 7 degrees

solar elevation.

C. 7 Da ta mea s u r -~d March 8, 1976 are presented. The data
has many directl y corr elate d enhancements be tween
the 2.94 pm data and the 3914A (N~ ) da ta . Sever al
small increases occur in the 1.7 pm (OH) channel .
Some of the OH incr eas es resul t from increased
optical viewing depth of the 01-1 layer wh ich occurs

dur in g air cr af t turns . The other smal l  incre ases
probabl y r esu lt from enhanc emen ts of the Me ine l N~
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system and the N-, first positive bands which

slightl y con tam ina te the selec ted OH bands .
C. 8 Th e pr esen ted data was measured March 2 , 1975.

Only small enhancements of the 39l4A (N~ ) em iss ions
were seen . No signific ant enhancements in the

2.83 pm emissions were observed above the OH

ba ckground . The general behaviors of the 2.83 pm

emi ssions and the 1.7 pm emissions are similar.

Therefore , the 2.83 pm emissions are mainly a
mea surem en t of the OH fundamen tal sequen ce .

C . 9 Da ta measur ed on March 11 , 1975 are presented .

Some enhancements in the 3914A (Ni) emissions are

apparent. Enhancements in the 2.83 pm data , which

are correlated with the 3914A data , are detectable

but are not large in comparison to the OH back-

ground at 2.83 pm. The 1.7 pm OH data has an

interesting increase which is centered at 0825 UT.

This increase does not appear in the 2.83 pm data

as one might expect.
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F igure C . l  Measured data for March 1 , 1976 showing
sign ificant infrared enhancements which
are correlated with aurora .
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Figure C.4 Measured data for March 3, 1976 which includes
significant auroral enhancements and a sunset
transition .
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